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Co—Expression of Endoglucanase and Xylanase in Pichia pastoris

LIU Gaolei', HU Die*, WU Minchen™, YIN Xin*, WANG Junqing®
(1. School of Pharmaceutics, Jiangnan University, Wuxi 214122, China;2. School of Biotechnology,Jiangnan
University , Wuxi 214122, China ;3. Wuxi Medical School, Jiangnan University , Wuxi 214122, China)

Abstract: Both endoglucanase and xylanase are additives in feed for mono—gastric animal. Co—
expression of endoglucanase and xylanase in P. pastoris is a useful way to reduce the production
cost in feedstuff industry. An endoglucanase—encoding gene (Aucell2A ) from Aspergillus usamii
was expressed in P. pastoris ,and the engineering strain with the highest endoglucanase activity was
labeled GSC7. Then,a recombinant vector,pPICZaA—-Aoxynl1A ,was constructed and linearized by
Sac 1,followed by transforming it into GSC7. Ultimately,the endoglucanase and xylanase genes were
successfully co—expressed in P. pastoris. One strain harbored genes Aoxynll1A and Aucell2A ,with
the highest xylanase and endoglucanase activities,was labeled GSCX8. The enzymatic properties of
the recombinant AuCell2A and AoXynllA ,expressed in GSCX8,were characterized. Meanwhile , to

analyze the genetic stability of GSCXS,the xylanase and endoglucanase activities of different strains
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after passing 10 generations were also measured. After strain GSCX8 was induced for 96 h,the

activities of recombinant AuCell12A and AoXynllA in the cultured supernatant were 47.77 IU/mL

and 192.71 [U/mL,respectively,which were about 85% and 80% of that of enzymes expressed by

the single gene engineering strains GSCZ and GSX5. The recombinant AuCell12A displayed the
optimal activity at pH 4.0 and 50 °C,and was stable over a pH range of 3.0~8.5 and at 60 C or
below. Besides,the recombinant AoXynl1A displayed the optimal activity at pH 5.5 and 55 °C,and
was stable over a pH range of 3.0~10.0 and at 50 “C or below. Additionally,the activities of the two

enzymes were well maintained after the GSCX8 passing 10 generations.

Keywords: endoglucanase,xylanase, Pichia pastoris ,co—expression
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BRI RE R ARAT T — R e R0 K AR SROH il AR i
Tit 1) £ R T B T PR PX6.
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GS115/pPICOK —-Aucell2A . & A E Wi B K
(Aoxynl1A) Wy H 2 5 R ikl pUCm-T-Aoxynl14 ,
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Table 1 Sequences of primers

5195 (5'—3') K B /bp
celF GAATTCCAGACGATGTGCTCTCAAT
= Aucell2A 686
celR GCGGCCGCCTAGTTGACACTGGCGGTC
xynF GAATTCTCCACACCCAGTAGCAC
AoxynllA 581
xynR GCGGCCGCTCAAT AAACAGTGATAGCAG

T IR 2 N D) A aT,

1.7 RixF=¥H SDS-PAGE £7%E

B 20 WL 55361k 96 h () K& B L3 W, R H
It 7 ER 5% VR A e 5 B A O B 12910 43 B e AT
SDS-PAGE #% B HL VK , FoL UK Ji 19 28 1S HH % 55 B 5
Wi R-250 Y M €5 i M €5 3 8 1 0T Al T ]
WL, 3 B 7 AL 9 43 0 6 AR A L, IR AT R4y
I E
1.8 EARKEBHNFEHNE

Z: 08 SCHR[9-10]AY DNS 5 4 5k I mg-fese ok |
SE PN ) A SR R SRR TS T o 2.4 mL Rl

pH TR Y W, A 100 WL 6 B 24175 K 1) il
W, T fedd R N R N R E 15 min, N O
JIA 2.5 mL &) DNS 258 3F ¥ 7 min #5472 1R
A IFHAEEEE TN E 540 nm A RYWOGIE .
U7 R 0 I R A ZROBE il A 0 2 S 43 5 R 1 g/d L
) CMC-Na i&  (FH 0.1 mol/L ) Na,HPO,—7 45 iz
ZE R I A, pH 4.0) A1 0.5 g/dL R AR A IR M
W (0.1 mol/L 1) Na,HPO,—F7 15 & 2% v i B 1l , pH
5.5) o TE bR dRcid SO ST B A3 oK S SIS 0 2B
24T 1 wmol I8 J5UBE I 75 1 il &2 5 SO 1 Al
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FETE
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B %} B8 DH5a/pPICZaA HY 1 3 PCR 7= 4 n] W24
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(B PCR P28 m] L2 1 200 bp (& ik A Be 2y
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B, WK 1, W HBERKE Adoxynll1A 2 4fi A 2|
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5 R 5 WU M AT, R W mE R 4L R 8 R
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B 1 =4 X+ & DH5a/pPICZaA -AoxynllA B B &

PCR ¥£7E
Fig. 1 Identification of recombinant E. coli DHS5o/

pPICZaA-Aoxyn11A by bacterium liquid PCR
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pPICZaA-Aoxynl11A V& (43 545 % A GSCX1—
10) 1 1 4> GS115/pPICOK ~Aucel124 /pPICZaA A
X BT V% (Fir 45 GSCZ),30 °C MR 3% 29% H
BN 2 A5 R 55 96 h e, 43 il #E fead N Ak A
TN E A T B PR SR Bl AR SRS R
2 AN, GSCZ Wy 33579 H B A 9 Y0 A5 2R 0 1 T
P, 1M GS115/pPICIK-A ucel12A4 /pPICZaA-Aoxyn11A
I [ B 2 3 P ) SR M G RLR SR M Il 5 HL b GSCX8
(4 7 T 8 T SR ok, b TR T A D A SR Tl R R SR
i it 55 7743 )35 3 47.77 TU/mL A1 192.71 TU/mlL,
GSCX8 J T 5 8L 1 P 1) i) 2 4 T R A 2R % g 7 B
PN RN P S v BN A8 v G =
KA BT R AR, v AR SROBE il 1) R 3K i 29 AH Y TR
B R IR TR R GS115/pPICZaA-Aoxynl 1A (fiv 44
9 GSXS, il 1% 714 233.38 1U/mL) ) 80% , 1fii N Y]
TSRO Tl 1Y) 2 3K B 29 A > T IR R GSCZ AT
WF 58 A EE 1Y GS115/pPICOK —A ucel 124 33k i e
TR AR I 85% , 3 7T BB -5 HE AR TR BE A BIR (4 3 A 3R 3k
AN BT RE A O, B HERIA R I GSCT
GSXS5 1 GSCXS8 B Mk H T 5 £t 5%
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& I, DL 4 EE AR B GSCT .GSXS5 M GSCX8 (1) 3
PRI A AR IEAT PCR 4 HE B3I
#F 2 GS115/pPICIK-Aucel12A/pPICZaA-Aoxynl11A W&
B
Table 2 Expression analysis GS115/pPICIK —-Aucell24/
pPICZaA-Aoxynl1lA

75 E/(IU/mL)
T Bk A 4 o —
AIEE 3 R RN
GSCX1 41.79 190.37
GSCX2 36.14 167.60
GSCX3 40.23 159.98
GSCX4 38.29 158.56
GSCX5 34.87 174.37
GSCX6 46.22 172.11
GSCX7 39.00 177.83
GSCX8 4777 192.71
GSCX9 36.43 184.87
GSCX10 44.30 154.82
GSCZ 54.65 0

1 7 W AT SRR B R I LUK, 45 R R DA
GSCT7 B H A0 R it , # I 519 celF/eelR #E4T PCR
Posg nr P — 402 700 bp B & (2, kGl
1), KNS Aucell2A R A B—2, mA A5
xynF/xynR #E4T 755 R 0 BUAT AT 2541 (181 2, ki
2)5 LA GSX5 K 4H R b, I HI 514 celF/celR
FTU B R 1 BUAEAR) 250 (81 2, 9kl 3) , 1A 5 14
xynF/xynR #] #34 Hh— 25249 600 bp 1) 5% (K 2, ¥k
B 4), K/NS Aoxyn114 B Fr Br—3; DL GSCX8
FEP A AR, I celF/celR Fil xynF/xynR B X} 5]
Pyl 43 B84 29 700 bp (2, ¥k iE 5) A1 600 bp
(2, 7K1 6) 14541, R WIAR A HE A A oxyn11A4
O3 4 31 5e AR e B L PR 21 v i TR A 1 PN 0 SR
B 3L Aucel12A A £k,

24 FRiEFHH SDS-PAGE 447

B 20 B8 R B2 GSK (GS115/pPICIK ) (GSCT .
GSZ(GS115/pPICZaA) .GSXS .GSCZ .GSCX8 i % i
FVEW, JH SDS-PAGE 73 M8 F1 BT i Kk 1 o . 45
R IR, GSCT (R8P WA AR XS 43+ B i 29 27.0
kDa 4b 8L T — SR RS, KT WY1 R
1RG4 F i i 24.3 kDa, N VI8 R BERE & A — 4
TELER) N BEIEAL O 5 (N - W - T) , 76 B8 AR e B vh 3%
IR AT BB s kAR BOR S OB S AR B DR A BT i
HE T A Sy EE 2 3R TR N ) SROBE B  GSXS 1Y

FIR YA 4y F L2 24.6 kDa Kb BT —
AR S P AR BT ARl 5 O A A R SR R T Y
FULY T AT, GSCXS 114 2635 72 W) 78 A 43 1
JR 2 27.0.,24.6 kDa b ¥ 0] UL H 19 8 F R A &
AHF X . GSCZ AT WAHXT 73— it 29 27.0 kDa
(R Ry S P A, DL IRT 3, 3k 5 g U0 7 ) 45 2R — 3

bp M 1 2 3 4 5 6 bp

4500 —
3000 —
2250 —

1500 —

1000 —

750 — <«—700

<«— 600
500 —

250 —

M:250 bp DNA ladder marker; 1.2:GSC7 ) PCR /=4 ;
3.4:GSX5 ) PCR /“#; 5.6.GSCX8 ) PCR /“#; 1.3.5:
51910 celF/celR; 2.4.6: 5194 xynF/xynR

2 EHEREESH PCR &N
Fig. 2 Verification of recombinant Pichia pastoris by PCR

kbDa M1 2 3 4 5 6 7 8 9 kDa

972—

66.4—

443—

29.0— <«—270
<«—246

20.1—

143—

M ;& AH XF 43 F i 5 2 T maker; 1:GSK; 2.3:GSC7;
4:GSZ; 5.6:GSX5; 7:GSCZ; 8.9:GSCX8
3 EAEFRBERIETWH SDS-PAGE 7
Fig. 3 SDS -PAGE analysis of expressed products by

recombinant Pichia pastoris

25 MEFEUERSH

JFHWUEE i 4 B R R GSCX8 43 i Rk Y IR &
fit | 53 0%k E 2 P9 U0 4 5RO T R B 20 R RO I ) Tl
MR AT AT
251 iE pH A ELAB T M ) SO BE A0 S B
fEF pH R pH 3.5~4.5 , HA X} B 36 75 80% LA I+, H:
s AE ] pH b 4.0 KRB/ pH 4.5~6.5 /Y
I EAEH pH &0 T BTG A2 (>80% ) , H b il /F
FH pH 9 5.5, WLI& 4.,

LHStHRASIL 2015 FE 34 EE 3




RESEARCH ARTICLE

LIU Gaolei,et al: Co-Expression of Endoglucanase
and Xylanase in Pichia pastoris

120
—m— D) R i
100F —o— RIRWT
s 80f
ot
2 60r
=
=
E  40f
20+
0 1
3 4 5 6 7 8 9
pH

4 WYIARBEEMAREERNREER pH
Fig. 4 Optimal pH profile of endoglucanase and xylanase
AT 4 R B AE pH 3.0~8.5 5 BBl N Fa e, AR A
it 1% PR FEAE 80% LA I, i R R WERGLE pH 3.0~10.0
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= 70t
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B 5 WEREEMAREERYN pH BEH
Fig. 5 pH stability of endoglucanase and xylanase
252 RERMBREALBZM  NYH R
£ 40~60 “CZ [A] A% 455 (>80% ) , o fie 3l 1 il
£ 50 °C; ARRBERGAE 45~60 CZ HIE ML (>
80% ) , Herh fsdi A I R 55 °CL ULIE 6,
1207 - P
1007 —o— RINHG
80

60F

ARG %
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0 n n n n n n n n n 1
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TREE/C
E6 AVEREHBIMAREBNREERRE
Fig. 6 Optimal temperature of endoglucanase and xylanase

WY R 60 CULTFTEE®REE
80%),65 CH#iE 30 min i, BEIG R 39.3%; Ak
RPEEELE 50 CLL T BTG 854 5E (>80% ) ,55 CHE I

30 min Ji7 , BF0G T RER) 20.7%, WK 7,

120
100
80

60

X G 1%

—m— D) R
—o— RRMEA

401

20+

030 3.5 4b 4.5 5.0 5.5 6.() 6.5
EC
B7 mYEREERARBEEOAGREY
Fig. 7 Thermostability of endoglucanase and xylanase

26 WNEEHEFRBEINEERENE

X A MR B GSCXS8 &AL 0 R 3% 10 Ik
J&i , 4 PR A5 AR B ik AR & 1 7 X5 5 596 h,
G0 A P R VP TS o H PN D SR T il
TE 43.85~49.14 1U/mL, A b B Bf 75 178.94 ~
201.82 TU/mL, # M GSCX8 7F % L& 0E 7% 10 &K
Ji , PR UT) D R0 il R0 A SROWE il 17 2% 58 1 7E 45 A
AORFERE , R A RAFRmE e 1k

| 3 2 iz

£ 30 7 M8 % B A SR 3T 4 O & e R 1Y) B
ik R G, BA RV 0] 53 W ik K st fa
SE SR 05K ) 8 R G 1Y il L DR B AR I B rp 3
ik, SCEL L R Ay I ek, HLEE A F Ak 0 B (1 Al
JE R TR ST v 5 RUTRAR R A T A
£ Aucell2A FEH I Aoxyn11A F K B X 5 4 &
AREERE GSCX8, o & 1 111 Vi v P 1) 4 3R 1 il AR
S A 0 S 2 R 47.77 192,71 TU/mL, Ry Bh
M IR T FR GSCT Al GSXS B 15 1 1 85% 11 80%
GSCX8 ALK 77 10 s, V3EA RAFmsfEfa
FE M DTSR T P9 YA SR I 5 R SR Il A 52 AR
BB i R L3RR

GSCXS8 43 Wb 2 3k il o 21 i 1) il =7 P 5 20 A
71N+ PR U] ] RN Tl RN A SROME il EL A A T (%) B 3 Ak
A, DT AT DAFE 6] — S A 2 L 5245 i 1 O 2k
B Al DN & FE R IR 800, A BIF 5% 8 5k XUJT R 3%
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